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FOR*WORD

Tuis report presents work accomplisted by T™e Boelng Compary during the
third quarter danaary 1, 1907 to April 1, 1997 on sn "Analvtical Study of
Normetalllc Parts for lennch Veldcles and “pacecraft Striactures’, NAGA
Contract NAS ~-12037. Also included is 2 summarization of work szccomplisted
durlng thre first cix montis of tle program whicl was previously reported in

Juarterly Irogress Reports #1 and #2. The work is administered by thre

Ceorge (. Mershall Tpace Flight Center, P& Laborator:, Huntsville, Alabama.

Te NY:A Techrnical Teader is Mr. Carl A. loy.

Terformance of this contract is urnder the direction of the 3Structural
Development Init, “pacecraft Mechanics and Mmterials Technology, ‘pace
Mvision of the Boeinz Company. Mr., C F. Tiftsny is Program “upervisor and

Mr. D. H. Bartlett is Program Lesader.

NOTZ

Because thls is a progress report, information contained herein 1s tentative

and subiect to changes, corrections, and modi:lcations.



1.0 INTRPODUCTICN

‘The nbjective of ikis irvestipratior

O
£

atermine the applicabi
glass reinforced pl=stics in spacecraft and lainch vellcle structural comporents,
witl: parti-ular interest in tre use of tris type of structure tc support oryvo-
genic tanks. An additional obhjective 1s to ~ompare *te merit of these compon-
ente with metallic varts of the same functional design. A survey of literéinre
from past and current programs wlll be made to ascemble information such as
properiies and methods of fabricatior essential “o the design phecne. Farts will

be desirmed utilizing the iherent advantages of reinforoed plastic strasture

and comparlsons nade wit' designs of meiallic marts. & guantity of parts will

o
v
]
AY
=
.
2]
h]
<+
s
jo
M
3
.
4]
5
T
Y
o
1]
jh
ré
(]
[N

estraction t23ts ivtended to prove their suiie

mring the [irst guarterly reporting period (1 1 to October 1, 105.) a
literature survey was completed, stracilursl compnsite properiies wWere selectzd
“or design anl three types of structural elements were chosen for design,
fabrication and test. The struclural elaments celected were (l} tensicn members
for crrogerdc tank supports, () combined compression oand tension struts for
eryogeric tark supports, and (1) beamc for paryload peckages (noneryogeni:).
Two tension fod confizurations were selected for study; these were {lat
members with laminated metal foils for increased bearing strengt!, and round
members incorporating & wedging fenrture at the end attachkments., forpression
atrats In tve lengtlt range of 20 to 3¢ inches were configured as cylindrical
tubes of reinforced rlastic cornctruction tonded to metallic end fitiings. It
was found that signitficant welght savings in fiberwslass compression struis sre

available wlen compared wiih metallic marts, if high loading is considered,

i.e., 17,000 1bs or more for a 20 inch nmember; however, in an; load range.

Lhe fiberzlass paris consistently provide the least heat leak due to the low

trermal conductivity of the composite. Beams wit! soardwiech web, stiffened web



and truss webs were Investigated and the sandwich web approach was selected
16 trovilding tle least weight declgn in ¢
\ The

Lie
P
(S SRR

- celected
i

spen lengihs of interest.
or

ail designs was

ml tiple end rovings, cloth or single end varrn.

A

-7 fiversglass in either

Y
systems were identifled in the literature survey, the preferred being 7Zpon F2C
{vor wet winding) and =7
desi

variety of acceptable resin
7T prepreg.

gn were

T

Structaral composite properiies for
selected from results of the Reference

1

contranrt.
deteiled precentation of study results and a
ApDTOac!

Iscussion of the analytical
is contained in the first Snarterly Report.
1.7)

o

stirat were developed.

Muring tre second gquarterly reporting period (Getober 1, 1966 to Januar: 1,
detailed desiyn of flat and round tensior rods and a compression

heat

were also deelgned ising tie same loads a

fititanium tencion rod =nd a ti.anfum compression strut
Tlow comparisons.

for the normetallic parts to allow
The beam optimizetion computer
and prodaced data on cross section geometry and welg
wnd loading.

progrim was 1nitinted
L for a

3

{ variety

of spans

In addition the test plans for tension rods and compression struts were prepared
and coordinated wilitr t]

the MIFC Technical Monitor
for fiberglass, epoxy resin, achesives, and tle

and material orders were placed
e mrufacturing methods were selected and teol
of =

reguired metallic materials,
luminum beams was completed.
eyal loading st owed

desizn started. The analysics
Comparisons of the two type
trat 1iberglass
spens of 707, H07, and 0.
on spar

5 of beams wit!
ofrered tre least weilsrt structure for

Tre aluminum beam was tre least welght for the

A detailed explanation of study results and a discussion o

o 4
PO

aporoach is corntained in the second Tuarterly Trogress

te analytical

Peyport.



2.0 WMMARY OF WORK ACTOMPT ISBED

uring the geventh mortl, meterials for fabrication of tension rods and
compression struts were recelved and the machining of winding mandrels and
compression gtriit end caps was initiated. A control specimen test plan wsas
prepared and 1,2 lap bond tests with Harmco 73':3,/7139 adhesive were made to
verify selection of the end cap lap length. The bond strengtlis exhibited were

below design requirements so testing of longer lap lengths was planned for the

eizhth month,

The beam optimization computer program was completed and a beam size selected
for fabrication and test. A 0 inch member was ctosen because ihis was the
longest span showlng a weighit advantage for fiberglass., A 12 inch depth was

selected which resulted in & beam that would support approximately 17,000 poinds.

Diring the eig!iwmonth, fabrication of winding mandrels for compression struts,
round tenslon rods, and flat tension rods were completed. Tool tryout of the

compression tube mandrel was initiated by winding a part from surplus "t" glass.

lap bond tests with Narmco 73437139 were completed b testing 3/4" and 1"
lap lenzths., Tre strength derived from the 1" lap satisfied design require-
ments, subseguently the strut drawing was changed to Increase the end fitting

’

bond length from 1/2" to 1.

The fiberglass beam desizn was completed and the materials for fabrication

were ordered. The materials selected were U. =, Polymeric 181 "3" glass cloth
for the web skins and 20 end roving for the flanges. Hexcel 3/16 HRF ronev-
comb core was rhosen for stabilizing the web skins. The glass eloth and roving

were to be preimpregnated with ¥-TR7 resin by tie supplier.

During the ninth month a portion of the materials preliminsry tests were

completed. These were (1) the resin hardness and heat distortion testis,



(2) glass srea determination, (3) tensile strensth of processed 12 end roving
and single end yarns, and (#) resin content of impregnated 12 end roving and

single end yarns.

Four compression tubes were fabricated in the ninth month. Three of these
were acceptable and one was destroyed while being removed from the mandrel,
as was the first part, made during tke eiglthmonth:. Machining of aluminum

2nd caps was completed and the spherical bearings were swaged in place.

Forming of the curved folls for the round tension rods was started, however,
the small radii and stiffness of the full hard stainless steel have caused
protlems. A special form die is being made to alleviate the problem. Iap
shenr tensile specimens are beins made to determine foll to laminate bond
sitrergth, The sirength data from these specimens will be nrced in {Tinalizing

tre designs of flat and round tension rods.

Tre manufactwring and assembl, procedures for fabricating the composite beem
DI o fatd

were selected and tool design was i{nitlated.

A meore detailed discussion of acromplishments follows:

Moterial “valuation Tests

Torgpression stris and *encion rods are {abricated by a wet winding process,
using "53" zlass inrlC end and single end ysrns and “pon &2¢ epoxy resin.

Certain materiqls tests are rejuired to determine the effectiveness of process
controls ard the basic material strength for finalizing the designs. These
preliminary materisls tests were defined in Table I of the Fifth monthly progress

report. Tre same table ("atle 1) is shown in this report with the results of

some of the tests.

The tensile strengti: of impregnated and cured yarns and rovings was lower thtan
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art{ ipated =ndi has necessitated more tensile testiirg to determine if tle
worcehased material or impremnating and epcclilin, processes are the cause.  The
s renstrs shown in the table sre known tc be substandard by comparison with
typical strenzibs obtained in References 2 and 3. These reterence reporis

vive details on specimen preparation and test methods for single and multiple

end varns and include strength data, commonly used as & standard at Boeinsz.

Tre febrication procedures used in winding compression tubes and the round
tension rods requires hand placement of the longitudinal filaments. This

metrod has been selected ir lieuv of mecianized longitudiral winding ‘o minimice
costs. It was necessery Lo prepreg’’ guantities of material and store this
meterial on spools for later use, since it is nearly impossible to maintain
resin contert control by pulling tte yarns tirough the impregna’or, shown in
Firure 1, and vinding directly onto the mandrel. IUL is possivle that the
impregnating and respooling process 1s responsible for the veduction in strengii.
Addltional tensile specimens sare beinz prepared to deternmine (1) the "as
received” glass strength, (2) the imprernated but not respooled glass strength,

and {7 the effert of increased resin content on slass strengih.

Tree acceptatle compression tubes have been made with recpooled material and

it is planned *c continue withk the same processinz to assure timely completion

of the proeram. T is evproach should lave no adverse effect on compression

tnbe lomd capacity since tre elastic modulus is expected to be unaffecied by

tre processing and the Cloverglass is worked to less than 50,00C pel in comprescion
or tencior g1 design ultima“e load. However, low stress levels are not thé case
with *tension rods, and a more thorough knowledge of the purchased material snd

tie effect of processing on materisl sirength is required before Firallzing

wha Coctorn o Slooclontinan peeaned e,

Resin content of the impreznated and respooled muterial has been determined
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and is within the tolersrce sperified on the drawing for the finished parts.
Resin content control in the winding material iz escentinl to achieving thre

regquired content in the parts since no resin is added or removed during winding.

Resin tests are complete and botlh the material end cure cycle are acceptable,
Hardness tests were conducted in ascordance with AXTM D 170 -- 1 using an instant
reading on a shore D Durometer. An individual reading was made on each of five
sevarate resin castings. All castings had & hardness of “hore DEG which is

well above tre minimum value of RO required for & fully rured casting. Heat
deflection tests were conducted in a~cordance witr A3T™ D ALZ-56 at a flexural
stress of 24 psi on the 1/2 x 1,2 x 5 Lne¥ cast bars. Tre temperatures required
to produce the standard deflection are tabulated below for the five hars tested.

2765 P
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AVG 273°F
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The minimum acceptable temperature for “PON 72./MNA/BDMA 1s 250°F.

Iap hond testing of aluminum to fiberglass laminate with Harmeo 7343/7139
adhesive is complete 2nd the results of 20 specimen tests are shown in Figure D,
These tests were conducted to determine the rorrect lap length Tor honding
sluminum end caps to the fiberilass compressinn tubes. The design uliimate

load in tkis bond is approximately 54 pounds 1ineal 1nct of Joirt. The test
data shows a large varistion in strengths for eaclh lap length tested and since
this Jjoint stould have an ample margin »f safety. the 1.00 irnchk lap lensth was
selected for the desiam. Visnal inspection of the failed specimens showed

that the adhesive did not adlrere to tie sl'minum in all cases with ibe exception

of those specimens prepared with G-207 primer. The latier specimens
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concistently falled along the lamirate to adhesive bond line, with some

evidence of glass fibers adliering to the adhesive.

Compression Hirutls

During the third quarterly reporting period the compressicn tube mandrel concep!
was developed and a total of five parts were fabricated. Of these five parts,
the first two were destroyed because of release agent failure, A photograph

of ithe first falled par*t is shown in Figure . The mandrel is a smooth cylindri-
cal aluminum tube wnich was covered with a one mil teflon film heat sealed in
plazre, prior to winding the part, After winding end curing, macline cuts were
made to produce the reguired length. Tre end trim material was removed from
+he mandrel and the tuhe was then pushed off with a metal sleeve. The tube
noved freely except for the last © inches whicr beceme wedged onto tle mardrel
because the parting film wrinkled and folded. ~“ubseguent efforts to remove

the part failed and tre end of the tube was cut as stown in the photograph. A
silicone spray partlng film was used for tte csecond tube; however, it was
impossible to move thris part by sliding. Tiguld nitrogen cold shocking of the
mendrel was emplorved and, altbtomgh there was visible evidence of separation
tetween the mandrel and tte part, they remained locked together. It was
necessary to cut the second part to remove 1t from the mandrel. Inspection
revesled numerous scratctes and slizght evidence of macrining grooves on the
mandrel whicl were subsequently removed by rand peolistirg. The mandrel was
ther dispersion coated with teflon and the coating was sintered to provide

g complete film withovt joints., The trird, fourth, and fifth tubes were wound
and successfully removed afier ~old shock. Figures 4, S, and © show tre fiber-

glass tube and tle aluminum end flttings.

A plot of fiberglass stirut reat flow versas strut dlameter was included as
Maure S in tre Jecond Muarterly Progress Repert. The marpose of this curve
was to provide a romparison between fiberglass and titanifum for tre stirut

12
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materizl and ‘o show the heat flow persl:ides ico.arrad 10 a ronoptimu fliuer-
Flass lube dizmeter is ofaeer, Tt las peer found tiat e Ata related to

the filerslass parts sre in Errer dee g ase of tte o Frerual condicuivity
value.  The ithermal condactivity date Jisied {y the Reference | report wae

“n

VOE TOLK ean valie wan selested.  Mhe worrest valve appears

uoed, lowever,
. . oo o,

o e 013 BTU-1Y IV k- ¥, Or srproximately ome-nalf tle comdictiviny yzed
In constructing tre curve. Te corrert value Sompares reazonably well with

lata [rom 'he Heferen-e 4 Teport. A revised ocurve of aip ot heat flow hasg

heer prepared anl {g shovr in

e beam desitn has heen comrteted mnd eutmitted To the MUFC tecintcal moni‘or

for comment. The design drawing of tlis beam is shown in Figure X, M™e ‘Qainnt

length was selected for fabrication becanse thic was tre longest span stowing

A welgnt advantage for tlberzlas: as eviden-ed by Flgvre 9. wo polnts are
Sh.OWn ont these curver which revprecernt tie aliminum arg fiverzlass beams selected
for desison. T™he potw; for the fiber-lass heam "lls slove tie surve due largel,
fo the additior nf a laver of fiberslass cloth on the Inper face of boil flanges
o ald {n shear ddetriviiion from the veb to tte unidirecrtional Mlanents.,

™18 additioral laver was not corcldered {n tie original snalysis. e desien

wawing of tre aluninum beam Has not been {nclnded since it {5 rot completed,

&

The twelve inch beam depth was selected arbitraril,., Tigure 10 Is a plot of

e

ram element arometiry from tie computer oriimizmiion for tre (Oainna- £pan. For
2 12 inck depth, it erpears that the herm lead capacity 1s 14,700 po.mnds,
however, the fonitenration selected for decim 4id not rarresent a specific
polni in the analysis,  As o resuln ap edditiong) Tomptler analrysl was made
or tie 1P={rch depth a1d 11 was foird tras the team bad & load capncit, or
LEG00 po ndiz 48 the form of two %00 poind 1oads ar span 1/3 poirts. T

actieve 1his lead capacity, the comvression Tlance rrast be laterall-- Suipported

.

)



i ‘ . .
§ ' |

,c.ou;;»MNf LENGTH BETW. ;CTZ.S. = Bl \NCH
COLOMN LOAD = = *+ Aooo LB (ULTIMATE)

CIRERGLASS STRUT

5-994 GLASS E-T87T RENN - REW

; hd \ - BATOL-tA
2 S x\0° @s\ K=, T
= ‘ o\3 rere

TITANIOM  TTROT

CAL- 4N ALloN’ i
. A S Log
E= 1ex\0pst K- 24 R

| TITANIOM
0’/_— (09 ECCENTRIAITY)

0.30 4
tup.s_g_ = L0IS 1.
o
1
3 04s ’ TUTAN IO M
‘2 O/_.(wo ECCENTRICITY)
v toaw = O125 1IN0
’ 0204
L ous
r
4
w
I
OO -
5
o FIRERCGALASS ta = OLbm
= (.05 ecenTeiTy) |
D oo
K———-F\BEAKGLA&S
(NO ELCENTRACITY)
o v ‘ toaw = 02T 0.
T T T * Y Y -1
o o5 1 WO 15 0 2.0 25 3.0
 STROT \NSIDE DIAMETER. ~~ (NCHES
INITIALS DATE I:IE;IIABLYS DATE TiTLE MODEL
caLc _ JECEECT OF STRUT MATERIAWL
CHECK
— AND DIAMETER
AP0 T ON  HEAT  FElLow

U3 4013 8000 REV. 12.64

VLR

BOEING | Fligore 77
I o




N L By ONY e kg
- | =2 (SRR N T
) )

1)

X

1 -
- ——— -
—t
|
o " '
{
- )
7 w
b
e D -
: -2
@
- e :
>
P PO, 5
5 S S SO, -
l ] -—
S S-S N
t
Y S } 1

2 Tesemaaa

NASRI R
R ap——
vt s NAS G790 3IW NQT
5
4 BCLY

T, 2097 v A A BEAM ASSEMBLY ~ :
PR, WP, STRARGHERN & 5T FIBZRGLASS REINFORIED _ Z
;r:ks‘:n‘ :m:xn uC 000 sam(r:’-fa PUASTIC §
RATERAL SLASTITUTON & OR SPCCFUCAT O P TS Y - 3
e el 3 s SKH-039925);
DUG OBG BY (GROVFY Casrss O Tk 1 Tor 1~ | 3

-
v| B -8 RADILS FILLER
s 8 -7 BRACKET 2
i -o BRACKET DU IER
-2l 2 -5 COMP OGS T &€ BUANGE B
¢ -4 [COmBos e FAZE K -
A -3 WEB CCRE
vin -2 BTAM ASSY OF
-1 - -1 FBERGLAGS ZERM MDY
-l ,:5'0 BN o2 il ekl 0
A

e 4T AT £ F IV &F COrPanY

ARG SFACE DSKOM SEATTLE, WASHINGTON

A3 4700 101 Bus |- 43

SKN-039925

[

] 1

FIGURE &




L2S

ELPTED 0T

> PermaASS CORE, 4P, ¥'e GF 11-4.0 L8/FT3
. WEXCEL PROCUCTS INC. , 2332 42 ST, BERKELEY ,CALIF.

p-we IBL B/90) FIBERALADD TuTTH N o B Y IRT LoTET SeSTEn. Toaw
.. I POLYMERIC CHEMICALS . NC. , 700 EAWT DYER ROAD, TARTR anbk CRAIF,

UNIDIRECTIONAL, FILAMENT WOUND 20 END $/901 MBERGLASS N u-D. POLYMER
B-TRT PRIPREG. FCRM.
. AL POLYMERIC CHEMICALS CO. TNC., TOO ENRY ONER ROMD, DANTR Anby y CALAF

D CORE 24 HRS @ OCF PSS SHEs @ I125°F. DO NOT ALLOW POTTING COMPOUND TO
PEDTRUOE ABOVA (O SURRACR.

- B LAMINATE - & (INGLUOING -G DOUBLERS) FACE BUINS AND -5 FLANGES 8¢ T
POMTIVE PRESHWURE MOLDING PROIESS AS DEMRISED N JAC S45G.

b LAMINATING MATER ALY J847F s aND [T o
PART NG AGENTS DER “£CT. 3.4 N
MISC. MATER ALY DE2. SELT. 3.5 —

L PIEPARE MOD NG SURFACES PER SELT. 4.2

A APPLY PARTING FUM PER SELT. &3,

4. LANUP LAMINATE (AYERS PER TRAW MG . ATTERTION SHOD 2F GINEN TO ARRANGEMENT
OF WARP AND Fill FoR EXH CANER.
MO SEAMY AlLL B ALOWED N ANY PLY EXCEPT a3 NOTED ON THE DzawiNG,

€ VAMUIUM BAG AND TJRE ONTER SO o AuTOCLAve DRELLLRE, FOR & miy @ ITS'F.

@ MACKANE FINSH EDGES PER BECTION 4.9 . BXCEPT JLASS CLOTH CAYER MAY ENCG [N
-6 BLANGE SWOWN N OETAL L. - .

B ™E FOLLOW NG SECTIONS 0F BALSA SO ARL APPUICABALS : .

- b AANOME CLEANED DARTS DER LT, 94530.413 . e L
2. APPLY ADHESIVE PER DECT. 54%50.491 . . B
. -  _3 CLRL PER ST SASO. 48l

_._4 CUEING PRESSURE PER SELT S450.482 , PTELILRE 1O 28 16 - \oo (23
K WONG TEMPERATURES PER LT SAS0. 433 ( 3G~ DSO°F FOR 45 MINLD
FURNACE CuBt CMCLL JBLORDS ARE EQLIRED, ORI

Dc\.nn ALUMINUM SUREMES TO 3€ SONDED AS EDULOWS: I
L. HNDROBLANT
L CUEAN IN A “OUITON OF WLFURIC ACID AND S0DIUM DICHROMATE PER BACSIWS METHOD 2,
CLEAN. F.BERGLMS LAMINATE SURFACE ™ B ZONDED AS TOLLOWS'
W WIPE AT MEX . -
N T SAND AITHR 20 A8RALVE PAPER. TO REMOVE QLOSY. .
A WPE MTH MEK. AND AR RN,

. B>cu.m 2 SERILASY _AMINATE SURFACE =5 B 30NDED A FOULOAS:
: L NIPE NITH MEK
[4 2 3AND MITH 20 ABRAGNE DAPER TY REMOVE 300S%S.
) A WPL AITR MEK IND AR CRA.

B DURING ML BONDING ¥XRATIONS (-4 Y0 =D =570 23 AnD -7 T -1) UnisoEM pPEESILEE - -
AND AEAT MUST BE MANTAINED GVER ENT'RE PATT TO AVOID wmARPAQL

B e FOULOWING SCTIONS 28 3AT 3514- 551 AREL APPLCADLE L

L MATER.ALS CONTROL 2€R SECT. %.Q . ’
L GLEANUNESS REQ . RUVENTS FEZ LELT. TS,

L8 ADWESNE APPLILATIAN PE2 LECT. 7.5 &, EACERT USL 3 DOLITICN NG Fia%2.C TR
TBAL N NOT 22 ALDWE

A GENERAL oRNG 2‘_'44 2= - NoNE -
S CLRL TEMPIRATLRE [EL LT INTS TRz BELT. 3.1, (11S- Z’*‘t O DD MINLD

. @ CORE PRESSUTE TEQU RLIMINTS 2I2 €T, 7D.3 { 25 -~ (SO Py}
- . T Abut&»‘L WNTRSL  FER MEAT. &1 AND 8.2.3%,

Duuu ARP -3 HOME(ZOMA 13ZL 45 EoLiSWd!

CLEAN TAYING HURSALES 2X DAND NG & TR IS0 ATZARUE PAaQLR |
t CLBAN ERXTIEE COZE 3¢ VAPLZ LEGREAS G A TH TROOMLCADITRTENE (DER Al 5AT8).

CAXPOWRE 2 "RUMIOR, THAL FE MINMIZED 0D LELONTS MAX.) T OANGID LUFTENING,
CLEM  FANING DURFACES L -4 FACE XN AS FOMLOWS!

WIPE T MER

-t

L .
L OSAND ATH 31D ABZASLE TAPIR O RUMO /R L0,
J WIPE AR VMEK AND AR CRY.

O SO N S

AT ASoT USED OM ol v IA N [ ERLY T Ty

ANC

-
)

WVET CODe ADDL AT IIN -~k Lo

7 1 6 [ 5 ¥




. 63&’“

4

T

e A e ——

(
o

-1 BEAM AISY
SCALE:1/2

WAALL ANGLE LANERS A1 PTLP TG LL0TH)
- CARGE ANGLE LAYERS
C Wy DREPRRL CLITM)

..\\
S~— -3 wee

! SECTICN J=J

Sh 7 ——
_ Pet
CLTILTT i
SECTION H-H

(NO SCALE)

SADANING SPLLES N WESS OF -4 EALE SN,
CHNP. BoTH FACES) .

n

-0
\‘ WED JWINS 1D

-3 loee

. \_LL-L___l NN AEB N 18 SeLpzen CLoTRY

-——
e DETAIL ] ‘ /\

THESE LAYERS OF JAASS GUSTH
(NEXT TD ONITIRICT DN
FIBERS) ART TO 22 LAD UP
SO THE WEAVE VS PARMNLEL
TOK 90" FROM BEIAM ¢ .
NO  SPLICES SmAlL SR
L OALLOWED thr THESE LANERZS

v

& sYm

NIDIRECTIONRL FIBERS -

view F=17

NO SCALE

e (ho st BOND -4 BAE Sony T - LT Ll
| BHOWING FPLIEY  has | ANGLES OF -G FACE LA I MDDIFAED <D e = o st °L<J ;-.»T-—-—-—u\‘ C oy
} (TP 20Tu FAES | TwTa 2 ANGES) M TReaN ! FWM ADWESVE T 0 T L T : !
: CLBAN FATING 4 20 : !
i k’\ / pee D L9> \ : / !
] ~ x/
j 2 l
i i 4 WEB SLE SN T EE LT & i
; 2 BYERS OF B | B LAD P oG T : Va: [
! PRE PREG. DTS s f WEAVE 1S 557 7L C N 7 o8 '
{ i CLOTHEOB ThlK REFY ] OF BEAM ASDSY RS Lty ; -4 [qt i
H T - !
| ny I s l
! ) - o8 }
; (RE™) 4—1 o A B ;
: . { \/ ! :E !
1 ;W { t . !
e e g / s -
! ! f N LAYER OF 18) A& LAYERD CF 18i 1 326 lzoE’ -
) PREG. D GLASS [ PRI G, S GLAYS - i
; \.cmvoo'mcm R:r) ’ I AT
/ ) It HE'GHT
§ : ot CF-2L-4
-3 ; [t
: s
{ j 7]
-4 I z 4 ; :]’
THIS CANEER (.nTu | » 4 [
™ ®E AP | . J 1]
-6 THE AEAVE a5 - |
i ;33
To 3EAM ¢ H *\, V\r\f./ ‘ "l_ -
BOND - CLANGE 15 -2 Sl ::—<
BEAM ALY TSPy [
SrinoLilLamy 5o Sz 8
TAPE ADHL’N\‘ PER a8
tq// -
ZUEAN $i2EATES s P & E
LN CIRECTIC AL :t |
20 END ROVENG I 3 :
PREPREG. SGLADS L . \ ]
- { ; 5
E S

THIS LAYER OF S ASS QLOTH
TO 2E LAID UP DO The
WEAVE 1S5 45° TO BEAM § .
ThEY AMER, DALL Se

Yol CED AT eAD- SPANTE The tam SECTION '\-)\
TRE o lE Al D5 A LOTT LD

NQT AN Q\JLK\AS NMAC FAP ‘JLT.\-L- FULL SLALE
ATSTUNG £DGES SHALL 28 2,037

NP 25T FLANGES)

i

p—

JSK11-039%25] | |
9




73 I 15 I 17 T -3 9 ¥
~ - ; - - R
. f e N ——
MNER SN SPUCES L . \ -
SAME AS "AO\AN N -1 )

ST M- .
R ﬂ" #“M, ._-| o0 =— . N
CARGE ANGLE A“u} 1A DERATRG o ITW
Ve

‘4 WES  SKING LB PREPRL, L-OTW)

: wmllt“ i
SECTION K-K

. {wo wALL)
AHOWING SPUCES N JAZHE 3NGLES OF - & EAE NUN3
(TP BOTH SALED BOTH SLANALY)

~ -3 Ccore

,—»(:

- ! i,_
. Q, 1 ( N
N j
U W S
e * S e
g — I : )
b
ss
el
v
-7 : ‘
- ETCUBLER TD 2 CUT 4 LAD UP i
SO THAT ALASD TLIT WERLENS \\ !
6 /2 LAYERS IF @&\ AT M 45 anBLE To G OF -7 BRALKET \ i
RECRES. S LSS } (TYe - !
Th B THLK 1K) ] M B
B/) BOPOXN PITTNG TUNMDOLUND . !
- [eonacw o3 22 ENER 7 .
N —R | BuFEgT LR i B
V=2 2 -2 zooadd <1 !
D ABaLT -7 ATALET % T3 N ITH { <
\5»:«\. > (TG P‘-ALLS)J [ -
. :
. : ry’
. r
)
s
-8 'f '
[ !
. < i
e : ‘
s w8 9% B Sy
T e da S3RoN /
LST YR @ iny e
3 N 52 S
i T
:::_\.._
22> 4 b : Lsotvey L (3 o
21875 OA HALE o - p37(TYP) ’ eY™M
ICSA -~ .
nNSCTICIW | §-7 Srm SECTION 13-
MBS 27i83-7(2 REG DY . . FULL SCALE
view (-0
FULL SCALE
i 15 [ M - _—w _ ¢



] 19 | 18 1 7
Rk -
aEC ;

. 508 . i
500 oo DA~ —~>® T IR : H
N B oy SV
: l Vo | I

o SRR p«* _i
" |
- | e
i oen W 1 s

]
secTIon (R=(a :
AL SCALE -
¢
229 .
20, JoRMRE % o i
.50 i
SR I |
E7 o I M
30~ S
i
-7 OETAIL
oML SCALE
POTTED “oRe  —
N _/
AN [
A
E Iy,
znszZSD-AW\E - ) l‘ f‘\i”
218 e "\—‘ :
SO // au e ais-14 r_
250 *zi:ﬁ# . {P/"R
250 - ol ED0XN - DYt
o 1 [Oi M EE St/
_____ il e
¥
-8 DETAIL
St 2 ¢-7 SYM
section D=1
SCALE: &/
A [ L
[ 19 18 [ 7 P




1
R
S :
{
[

- .
vt B
I
! : .
‘,___._._'...-—--4
: 1

Eﬁd‘—b‘?S B

TG ALMINUM

)
e A

1

}
e -

{

i

E

!

E

h

-ﬁ.y S

B

s SR

b 1 .,
S A

“ S ST
. N !

w -

f i

_, S

4 o 1820

|

22

¥

i

IR )

o LBS

e amm i

TITLE

e
\
"L

FIRERGLADS & ALUMINUDN
oaaine|o Faoee 9
[ o

OATE

4 BEAM WEIGHT COMPARISON

Y
INITIAL

REV

OATE

INITIALS

CALC

CHECK
APPD.

APPD
il g

A1) BT REV 1 AA

vy TR

20




o
%

R T T

>
{

?
DEPTH , WIDTH ~ INCHES

TF1, TF2 ~INCHES

&

0t

S

FLANGE LATERALLY SUPPORTED @ 20"
| s
- WEB SKIN TWMCK NESS - -
oo o M SO -
FLANGE OUTER SKIM THICLNESS

& o
. . +

?.‘2.}
20
8
16
14

\2

FILAMENTS
<1OMAL )

o w\OT“ UN‘O‘“"

SS
WED coOE T"“C‘L:E_ —— -0

D =) -
o t x O fc\.ANee WIADTH

&'_’0—0"'(}—‘ ""V'— CLANGE TWACKNESS

2 4 6 B8 10 12 1a 6 W® 20 2L 2% 2% 298

P, BEAM LOAD =BE AN SHEAR ~ 1000 LSS
1 1 | | I | 1 1 i 1 | ]

1 J

4 8 12 16 20 % 28 32 o 40 4L 4% 52

BEAM BENDING MOMENT ~ 10,000 IN.LBS
FIBERGLASS BEAM~SPAN:=6O"

Flaure

10

2\



at loading points and at the ends. The el minum loadine hraclats (Ave veen
vrovided with holes for attaciment of tre latersl bracing. Tre calculated

e

welghit of the heam, not i-slvdine the brackets, is 7.3 pounds.

The bteam will be fabricazed in a surcessior o7 moldine and bonding sveps. The
web face skins {-% on the drawing) will be laminated from 191 "S" glass clotr=-
=787 prepreg in an aluminum mold. All laminations will be placed in the exsct
position, ihe assembly will be vacuum bezged and cured under 50 psi sutoclave
tressure. Two separate layup and curing operations will be required to produce
the face skins for one beam. Thre two flanges (-%) will bhe produced simultan-
2ously by filling both sides of a channeled mold with the appropriate layers
of glass cloth and 20 end prepreg rovin~, These flanges will also be vacuum
hagged and cured under “C psi =sutoclave pressure. The web Tace skins will e
bonded to the prenolic honeycomb core and the flanres bonded to the face skins
in one operation. A modi‘ied epoxy film adresive will be used. The entire
part will be vacuum baggedl and avtoclave pressure aprlied. A fixture will be
used to hold all parts in alignment during cure, thus avolding warpage. Tre
final fabricatlon steps will be bonding the aluminm loading brackets in place
witr an epoxv-phenolic adhesive tape. Tairs of brackets are connected with
volts (hrough tle web to react the tension load due to eccentric loeding. Tt
was believed undesirable to carry *his load throwwh the adhesive bonds between

brackets, web, and cors material.

It {s plarned to fabricate two beams for testing. At least one beam will he
instrumented during test to provide information on deflections at load poirts
and midspar. Both lateral and vertical deflectiorn will be measured at midspar.
ctraln gages will be instelled or tre tencion flange at midspan and in one of
the end bays on the sbear web. 'The test will be conducted by Increasing load

until fallire occurs.

T



3.0 SHALYTICAL APFROACH

Reems

The confiuration of the heam used in the computer opimization program was
shown ir tre Secord quArterly Progress feport and i{s shown tere asg Flgure 11

o 2id in tte dizcussion, T 1g figure {°o representative of Both the alvminum

o

and fiterslass beams of this stdy. Figares 17 tkroazk 15 are plots showing

the dimensions of all the elements for +tre mo:t efficient {load capa-ity/weistt)
veams of {iberglass and 2luminunm construction in each span sthdled. Trcremses
in flange and web skin thickness vere accomplished in increments of 009 inchee

since this is approximately equivalent to one thickness of ilass ~lobh.,

I the shorier spans (7C" and 40"} the ~onficuration of the “lange {s =imiinr

to that sbown in Figure 11, 1.e., 5 sroup of nuridirestional filaments s1ahil{ze«1
ngainst lateral buckling wisl, gl tweigl! honevcomb core extensions on tle
citer edees. Bowever, in the cpar selo.ied for fabrieatior 70 fnches) the

most efficlent flange contiruratior was one ithat used a solid grovp of 'nidire-¢-

ional :ilaments,

Flovires 20 hrougr 23 are plots of midepar deflect{on ard stiffness for (e
optimem alminum and flrerclass beams with *le element seometry described By
Filrares 12 Lrrongh 1% respeciively. Tt shonld be remembered that tle optimum
bean for a rarticular span and load was celected on the bhasis of minimm weigh:t,
witioul consideration for deflection or ~re ph ningd Amenztons of the crose
section, therefore, the deflection plots are not necessarily smooth ocurves.
Plgure 20, for example, stows tha® the deflection of the optimm 10 inch fiter-
€lass ream inoreases avruaptly with ircreesed load apacity and then drops equally
abruptly, leveling off at the hisner londe., An examization of *he “depth",
"width", "JUD" and "TCIY curves ot Figure 10 1irdlcates possible reasons why

-

this tas hrappened. Ag locad has increased from 1700 to 3:00 pounds, the heam

depth and flange t}ickress have remained constant, while the width of vnidirscrional

3
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ti{laments has increased. This increase in the number ol widirertiomal filaments
' may well account for the increazed load cepacity; however, the deflection is
apparently more closely releted to the depth and flange tlickress of the beam
giving a large increase in deflection will increasing load. Beyond 3600 pounds
load, the beam depth increases and tle deflection becomes less. Tt is possible
that these wide program excursiors would rnot have occurred if more cases had

teen 1ncluded in the compi:ter analvsis.

Diring the fiberglass beam optimization study sn analysis of the effect of
honeycomb core density on beam efficiency was made. 7Tre results of this study
are shown in Flgure 24 The "optimm” curve drawn on tris graph is taken from
™Maure 12 of the ‘econd Quarterly Trogress Report and was established from a
larre quantity of points inel-ding beam depths greaster than those considered
in Figure 24. Altlough the entire range of beam deptlis is not sﬁown in

. Fizire 24, the trend towards righer efficiency with the low density core is
obvinus. The heavier core, rowever, sllowed shallower depths with an attendant
increase in web skin tiickness, thre net resuli Leing an increase in weight.
Increased deflection also accompanies tre shallower beams. The 3/16 inch cell,

2
" 1b/ft’ phenolis honeycomb core was selected for heam fabrication.

In the Fecond Quarterly BReport, twelve poscible modes of heam failure were
{dentified (reference: Figure 10). Of these twelve, nine constitute possible
failure modes for tle 0 inch long by 12 inch deep beam stown in Figure 9.

Three possible modes were eliminated whren a solid unidirectional filament flange
was selected instead of a small group of unidirectional filaments stabilized

on the edges by ronevcomb core and face skins. Tre computer program has deter=~
mined the maximum load "P" <ric beam will support for eacit. of the failure modes

‘ when loaded as stown in the sketcr.. The maximum losds for eac? failure mode

are tabuleted below:

[ — ™
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B K

-« 0" Span N
Mode Benm Joad ~ P
{Founds’
Maximim Bending Ttraln 19,7192
Adlesive s!ear - outer cloth laver on flange o l,?%R,OhT

unidirectional tilements

Adhesive shear - midirestional filamenis fo inner 40,003
cloth layer on flange

Web edgewlse shear 11,1722
General webd bucklirg 10,19
Jeb intracell buckling ool
Jeb face wrinkling 9,038
Flanze crippling ,0h7
Flange lateral instability &,51%

From this tabclation Lt can pe seen lhat tlie Leam stould fail by either web
{ntrarell buckling or flange lateral instability at & concentrated load of

approximatel, ©50C ponnds, or a toial beam loed of 17,000 pounds.

Referring to Figure 11 the actual and sllowable stresses in each of the bean

elements at F = 2500 pourds are 2s follows:
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i#llownble strecces skown are ite maximum tlet cen be developed prior

to feil re by elartin {asvabilit:. The numbers {r parcnthesis are
the maximur allowable stresses possible if failire did not occur by
instabilltc

“lenents Shear Stress A~ psi Aliowable Gtress ~» psi
1 40 2 10 1400
2 w0 3 335 1700

20,508 27,000

A sketch of the stress distribntion in the fibergless beam s stown below:
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